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1
IGBT AND DIODE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2011-
127305 filed on Jun. 7, 2011 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The invention relates to a technique effectively applied to a
device structure and a manufacturing technology of power
semiconductor devices (or semiconductor integrated circuit
devices), such as an insulated gate bipolar transistor (IGBT)
or a diode.

Japanese Unexamined Patent Publication No. 2004-
193212 (Patent Document 1) discloses a technique that pro-
vides an n*-type region at some midpoint of an n™-type drift
region in a punch-through type IGBT or the like so as to
suppress vibrations of voltage and current waveforms at the
time of turn-off.

Japanese Unexamined Patent Publication No. 2001-77357
(Patent Document 2) discloses a technique that provides an
n-type intermediate region and a low lifetime region
included therein, between a p*-type collector region and an
n*-type field stopping region in a punch-through IGBT or the
like so as to achieve low tail current characteristics or the like.

Japanese Unexamined Patent Publication No. 2008-85050
(Patent Document 3) or U.S. Pat. No. 7,776,660 (Patent
Document 4) corresponding thereto discloses a technique for
an IGBT or the like with a field stopping region, using a
silicon single crystal wafer formed by a floating zone (FZ)
method. The technique involves using crystal defects remain-
ing due to ion implantation as a lifetime killer upon annealing
after performing the ion implantation for formation of a col-
lector from its backside.

RELATED ART DOCUMENTS
Patent Documents

[Patent Document 1]

Japanese Unexamined Patent Publication No. 2004-193212
[Patent Document 2]

Japanese Unexamined Patent Publication No. 2001-77357
[Patent Document 3]

Japanese Unexamined Patent Publication No. 2008-85050
[Patent Document 4]

U.S. Pat. No. 7,776,660

SUMMARY

As to an IGBT including an N-type buffer region having a
higher concentration than that of an N™-type drift region (or
N~-type base region) in contact with a P-type collector region
on its backside, the following method for forming a device
structure is known. The method involves leaving defects gen-
erated by ion implantation or the like for introducing a P-type
collector region or an N-type buffer region into the N™-drift
region near the N-type buffer region, thereby improving a
switching speed. In such an “ion implantation residual defect
type IGBT”, residual crystal defects work as the center of
recombination to improve the switching speed at the off time,
while a depletion layer is brought into contact with the crystal
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defects at the off time to adversely increase a leak current. The
same goes for a fly-back diode coupled in antiparallel to the
IGBT or the like.

The invention in the present application is to solve these
problems.

It is an object of the present invention to provide an IGBT
with high reliability, and a diode used in a pair with the IGBT.

The above and other objects and the novel features of the
invention will become apparent from the description of the
present specification and the accompanying drawings.

The outline of representative aspects of the invention dis-
closed in the present application will be briefly described
below.

That is, one aspect of the invention in the present applica-
tion provides an IGBT which includes an N-type buffer
region having a higher concentration than that of an N™-type
drift region and in contact with a P-type collector region on its
backside, and a defect remaining region (crystal defect
region) provided from the vicinity of the boundary between
the N-type bufter region and the N™-type drift region to apart
near the N™-type drift region. A high-concentration N-type
field stopping region having a higher concentration than that
of the N™-type drift region is provided at the N™-type drift
region located on the front surface side with respect to the
defect remaining region.

Effects of the representative aspects of the invention dis-
closed in the present application will be briefly described as
follows.

That is, the IGBT includes an N-type buffer region having
a higher concentration than that of an N™-type drift region and
in contact with a P-type collector region on its backside, and
a defect remaining region provided from the vicinity of the
boundary between the N-type buffer region and the N™-type
drift region to a part near the N™-type drift region. The high-
concentration N-type field stopping region having a higher
concentration than that of the N™-type drift region is provided
at the N™-type drift region located on the front surface side
with respect to the defect remaining region. Thus, a depletion
layer cannot reach the defect remaining region in an off state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a connection diagram between a pair of an IGBT
and a diode in the use form of a semiconductor device (includ-
ing the IGBT and the diode) of each embodiment of the
invention in the present application;

FIG. 2 is a circuit diagram of a motor driving circuit to
which the pair of the IGBT and diode shown in FIG. 1 is used
to driving for a three-phase motor;

FIG. 3 is an exemplary layout diagram of an upper surface
of a cell region of an IE-type trench gate IGBT device chip
and its surroundings for explaining the outline of the main
embodiment of the invention in the present application;

FIG. 4 is an exemplary cross-sectional view of a cutout
region R1 at an end of the cell region of the device, taken
along the line A-A' of FIG. 3;

FIG. 5 is an enlarged top view of a linear unit cell region
shown in FIG. 3 and its surroundings R5 in one embodiment
of the invention in the present application (corresponding to
FIGS. 6 to 8 showing a one-dimensional active cell spaced
structure);

FIG. 6 is a top view (substantially corresponding to FIG. 3,
more specifically, showing the shape similar to that shown in
FIG. 3) of the entire I[E-type trench gate IGBT device chip in
the one embodiment (which is common to other embodi-
ments) of the invention in the present application;
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FIG. 7 is an enlarged top view of a cut region R3 in the cell
region shown in FIG. 6;

FIG. 8 is a cross-sectional view of the device taken along
the line D-D' of FIG. 7,

FIG. 9 is a cross-sectional view of the device in a manu-
facturing step (hole barrier region introduction step) corre-
sponding to FIG. 8 for explaining a manufacturing method of
the device structure of the one embodiment of the invention in
the present application;

FIG. 10 is a cross-sectional view of the device in another
manufacturing step (p-type floating region introduction step)
corresponding to FIG. 8 for explaining the manufacturing
method of the device structure of the one embodiment of the
invention in the present application;

FIG. 11 is a cross-sectional view of the device in another
manufacturing step (hard mask deposition step for trench
processing) corresponding to FIG. 8 for explaining the manu-
facturing method of the device structure of the one embodi-
ment of the invention in the present application;

FIG. 12 is a cross-sectional view of the device in another
step (trench hard mask processing step) corresponding to
FIG. 8 for explaining the manufacturing method of the device
structure of the one embodiment of the invention in the
present application;

FIG. 13 is a cross-sectional view of the device in another
step (resist removal step for trench hard mask processing)
corresponding to FIG. 8 for explaining the manufacturing
method of the device structure of the one embodiment of the
invention in the present application;

FIG. 14 is a cross-sectional view of the device in another
step (trench processing step) corresponding to FIG. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation;

FIG. 15 is a cross-sectional view of the device in another
step (hard mask removal step for trench processing) corre-
sponding to FIG. 8 for explaining the manufacturing method
of'the device structure of the one embodiment of the invention
in the present application;

FIG. 16 is a cross-sectional view of the device in another
step (extending diffusion and gate oxidation step) corre-
sponding to FIG. 8 for explaining the manufacturing method
of'the device structure of the one embodiment of the invention
in the present application;

FIG. 17 is a cross-sectional view of the device in another
step (gate polysilicon deposition step) corresponding to FIG.
8 for explaining the manufacturing method of the device
structure of the one embodiment of the invention in the
present application;

FIG. 18 is a cross-sectional view of the device in another
step (gate polysilicon etching back step) corresponding to
FIG. 8 for explaining the manufacturing method of the device
structure of the one embodiment of the invention in the
present application;

FIG. 19 is a cross-sectional view of the device in another
step (gate oxide film etching back step) corresponding to FIG.
8 for explaining the manufacturing method of the device
structure of the one embodiment of the invention in the
present application;

FIG. 20 is a cross-sectional view of the device in another
step (P-type body region and N*-type emitter region intro-
duction step) corresponding to FIG. 8 for explaining the
manufacturing method of the device structure of the one
embodiment of the invention in the present application;

FIG. 21 is a cross-sectional view of the device in another
step (interlayer insulating film deposition step) correspond-
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ing to FIG. 8 for explaining the manufacturing method of the
device structure of the one embodiment of the invention in the
present application;

FIG. 22 is a cross-sectional view of the device in another
step (contact hole formation step) corresponding to F1G. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation;

FIG. 23 is a cross-sectional view of the device in another
step (substrate etching step) corresponding to FIG. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation;

FIG. 24 is a cross-sectional view of the device in another
step (P*-type body contact region and P*-type latch-up pre-
venting region introduction step) corresponding to FIG. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation;

FIG. 25 is a cross-sectional view of the device in another
step (surface metal deposition step) corresponding to FIG. 8
for explaining the manufacturing method of the device struc-
ture of the one embodiment of the invention in the present
application;

FIG. 26 is a cross-sectional view of the device in another
step (N-type field stopping region introduction step) corre-
sponding to FIG. 8 for explaining the manufacturing method
ofthe device structure of the one embodiment of the invention
in the present application;

FIG. 27 is a cross-sectional view of the device in another
step (back grind step) corresponding to FIG. 8 for explaining
the manufacturing method of the device structure of the one
embodiment of the invention in the present application;

FIG. 28 is a cross-sectional view of the device in another
step (N-type buffer region introduction step) corresponding
to FIG. 8 for explaining the manufacturing method of the
device structure of the one embodiment of the invention in the
present application;

FIG. 29 is a cross-sectional view of the device in another
step (P*-type collector region introduction step) correspond-
ing to FIG. 8 for explaining the manufacturing method of the
device structure of the one embodiment of the invention in the
present application;

FIG. 30 is a cross-sectional view of the device in another
step (metal collector electrode formation step) corresponding
to FIG. 8 for explaining the manufacturing method of the
device structure of the one embodiment of the invention in the
present application;

FIG. 311is an enlarged top view of acutregion R3 inside the
cell region shown in FIG. 6 in a modified example (full
active-type cell region) of the cell structure of the IGBT of the
one embodiment of the invention in the present application;

FIG. 32 is a cross-sectional view of the device taken along
the line D-D' of FIG. 31;

FIG. 33 is a cross-sectional view of the local details of the
backside of the device for explaining the device structure and
the manufacturing method thereof in another modified
example (aluminum doped contact) of a detailed structure of
the backside of the IGBT of the one embodiment of the
invention in the present application;

FIG. 34 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 8 (N-type field
stopping region introduction step) for explaining a modified
example (epitaxial process) of a formation process of the
device surface in the IGBT of the one embodiment of the
invention in the present application;
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FIG. 35 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 8 (N™-type silicon
epitaxial region formation step) for explaining a modified
example (epitaxial process) of a formation process of the
device surface in the IGBT of the one embodiment of the
invention in the present application;

FIG. 36 is atop view of the entire diode chip corresponding
to FIG. 6 in a basic example (PIN diode having the crystal
defect region and the intermediate field stopping region) of a
power diode of the one embodiment of the invention in the
present application;

FIG. 37 is a cross-sectional view of the device in a main
device region, taken along the line F-F' of FIG. 36;

FIG. 38 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (P-type anode
region introduction step) for explaining a basic example of a
manufacturing process of the power diode of the one embodi-
ment of the invention in the present application;

FIG. 39 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (metal anode
electrode formation step) for explaining the basic example of
the manufacturing process of the power diode of, the one
embodiment of the invention in the present application;

FIG. 40 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (N-type field
stopping region introduction step) for explaining the basic
example of the manufacturing process of the power diode of
the one embodiment of the invention in the present applica-
tion;

FIG. 41 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (back grind
step) for explaining the basic example of the manufacturing
process of the power diode of the one embodiment of the
invention in the present application;

FIG. 42 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (N-type cath-
ode region introduction step) for explaining the basic
example of the manufacturing process of the power diode of
the one embodiment of the invention in the present applica-
tion;

FIG. 43 is a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (metal cathode
electrode formation step) for explaining the basic example of
the manufacturing process of the power diode of the one
embodiment of the invention in the present application;

FIG. 44 is a cross-sectional view of a unit cell of the device
taken along the line F-F' of FIG. 36 in a modified example 1
of'a power diode (MPS diode including a crystal defect region
and an intermediate field stopping region) of the one embodi-
ment of the invention in the present application; and

FIG. 45 is a cross-sectional view of a unit cell of the device
taken along the line F-F' of FIG. 36 in the modified example
2 of the power diode (SSD including a crystal defect region
and an intermediate field stopping region) of the one embodi-
ment of the invention in the present application.

DETAILED DESCRIPTION
Outline of Preferred Embodiments

First, the outline of representative preferred embodiments
of the invention disclosed in the present application will be
described below.

An IGBT in one embodiment of the invention includes:

(a) a semiconductor substrate having a first main surface
and a second main surface,
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(b) a drift region of a first conductive type occupying a
main part of the semiconductor substrate;

(c¢) achannel region of a second conductive type opposite to
the first conductive type, provided at a front surface region on
the first main surface side of the drift region;

(d) an emitter region of the first conductive type provided at
a front surface region on the first main surface side of the
channel region;

(e) a collector region of the second conductive type pro-
vided at a front surface region on the second main surface side
of' the drift region;

(1) a buffer region of the first conductive type provided at
the drift region on an inner side of the collector region so as to
be in contact with the collector region, the buffer region
having a higher concentration than that of the drift region;

(g) a crystal defect region provided along the buffer region
from a vicinity of a boundary with the buffer region to a part
near the drift region; and

(h) a field stopping region of the first conductive type
provided along the crystal defect region at the drift region
located on the first main surface side with respect to the
crystal defect region, the field stopping region having a higher
concentration than that of the drift region.

2. In the IGBT according to Item 1, the semiconductor
substrate is a single crystal silicon substrate.

3. The IGBT according to Item 2, the single crystal silicon
substrate is formed by a FZ method.

4. In the IGBT according to Item 3, the field stopping
region is formed by ion-implanting hydrogen ions or helium
ions.

5. In the IGBT according to any one of Items 1 to 4, the
IGBT is of a trench gate type.

6. In the IGBT according to any one of Items 1 to 5, the
IGBT is an IE-type trench gate IGBT.

7. The IGBT according to any one of Items 1 to 6 further
includes:

(1) a metal collector electrode provided over the second
main surface of the semiconductor substrate; and

(j) a high-concentration collector contact region provided
at the collector region on the metal collector electrode side,
the collector contact region having the same conductive type
as that of the collector region, and a higher impurity concen-
tration than that of the collector region. The high-concentra-
tion collector contact region is a region doped with alumi-
num.

8. In the IGBT according to Item 7, a part in contact with
the high-concentration collector contact region of the metal
collector electrode is a metal film containing aluminum as a
principal component.

9. A diode according to the invention includes:

(a) a semiconductor substrate having a first main surface
and a second main surface,

(b) a drift region of a first conductive type occupying a
main part of the semiconductor substrate;

(c) an anode metal electrode provided over the first main
surface of the semiconductor substrate;

(d) a cathode region of the first conductive type provided at
a front surface region on the second main surface side of the
drift region, the cathode region having a higher concentration
than that of the drift region;

(e) a crystal defect region provided along the cathode
region from a vicinity of a boundary with the cathode region
to a part near the drift region; and

(D) a field stopping region of the first conductive type pro-
vided along the crystal defect region at the drift region located
on the first main surface side with respect to the crystal defect
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region, said field stopping region having a higher concentra-
tion than that of the drift region.

10. In the diode according to Item 9, the semiconductor
substrate is a single crystal silicon substrate.

11. In the diode according to Item 10, the single crystal
silicon substrate is formed by a FZ method.

12. In the IGBT according to Item 11, the field stopping
region is formed by ion-implanting hydrogen ions or helium
ions.

Explanation of Description Format, Basic Terms, and
Usage in Present Application

1. The following preferred embodiments in the present
application may be described below by being divided into a
plurality of sections or embodiments for convenience, if nec-
essary, which are not independent from each other unless
otherwise specified. Each embodiment corresponds to each
component in a single example. Alternatively, one of the
embodiments related to the details of the other, or a modified
example of a part or all of the other. The same facts will not be
repeatedly described in principle. Each component of the
embodiment is not necessarily essential unless otherwise
specified, except when the number of the components is lim-
ited to a specific one in principle, or except when apparently
not understood so from context.

Further, the term “semiconductor device” as used in the
present application mainly means various transistors, a single
diode (positive element), or a resistor, or a capacitor including
the transistor or diode as a main part integrated over a semi-
conductor chip or the like (for example, a single crystal sili-
con substrate, a circuit board, or the like). The representative
one of various transistors can be, by way of example, a metal
insulator semiconductor field effect transistor (MISFET),
typified by a metal oxide semiconductor field effect transistor
(MOSFET). At this time, the representative one of various
single transistors can be, by way of example, a power MOS-
FET, or an insulated gate bipolar transistor (IGBT). These are
defined as one type of the power semiconductor device. These
transistors include a bipolar power transistor, a thyristor, a
power diode, and the like in addition to the power MOSFET
and the IGBT.

The representative form of the power MOSFET includes a
double diftused vertical power MOSFET including a source
electrode on its front surface and a drain electrode on its back
surface. The double diffused vertical power MOSFET can be
mainly classified into two types, namely, first, a planar gate
type, which will be mainly described in the embodiment, and
second, a trench gate type, such as an U-MOSFET.

The power MOSFETs include a lateral-diffused MOSFET
(LD-MOSFET), in addition to the above ones.

2. Likewise, in the description of the embodiments, the
term “X comprised of A” or the like as to material or compo-
nent does not exclude a component including an element
otherthan A as a principal component unless otherwise speci-
fied and except when not apparently understood from context.
For example, as to a component, the above term means “X
containing A as a principal component” and the like. For
example, the term “silicon member” or the like is not limited
to pure silicon, and apparently contain a multi metal alloy
which contains a SiGe alloy, or a component containing sili-
con as a principal element, and another additive. Likewise,
the term “‘silicon oxide film”, or “silicon oxide-based insulat-
ing film” means not only a relatively pure undoped silicon
dioxide, but also a thermal oxide film comprised of, fluoro-
silicate glass (FSG), TEOS-based silicon oxide, silicon oxi-
carbide (SiOC), carbon-doped silicon oxide, organosilicate
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glass (OSG), phosphorus silicate glass (PSF), or borophos-
phosilicate glass (BPSG), an application oxide silicon film,
such as a CVD oxide film, a spin On glass (SOG) film, or a
nano-clustering silica (NCS), a silica low-k insulating film
(porous insulating film) comprised of the above same mate-
rial with holes introduced thereinto, a composite film com-
prised of a combination of another silicon insulating film
containing the above element as a principal component.

The silicon insulating film generally used in the field of
semiconductor may be, in addition to the silicon oxide insu-
lating film, a silicon nitride insulating film. Suitable materials
contained in the insulating film are, for example, SiN, SiCN,
SiNH, SiCNH, and the like. The term “silicon nitride” con-
tains both SiN and SiNH, unless otherwise specified. Like-
wise, the term “SiCN” as used therein means both SiCN and
SiCNH, unless otherwise specified.

3. Likewise, although preferred specific graphic, position,
and attribute will be described by way of example, apparently
the invention is not strictly limited to specific graphic, posi-
tion, and attribute, and the like unless otherwise specified, and
except when not understood so from context.

4. Further, even when the reference is made to a specific
numerical value or quantity, unless otherwise specified,
except when limited to the specific numerical value in theory,
and except when not understood so from context, the number
thereof may be greater than, or less than the specific number.

5. The term “wafer” as used herein means a single crystal
silicon wafer or the like over which a semiconductor device
(semiconductor integrated circuit device, or electronic
device) is generally formed, but apparently may mean an
epitaxial wafer, an SOI substrate, a composite wafer includ-
ing an insulating substrate, such as a LCD glass substrate, and
asemiconductor layer. Suitable materials for the wafer are not
limited to silicon, and may include SiGe, SiC, GaN, GaAs,
InP, and the like.

6. Like the previous description of the power MOSFET, the
IGBT is generally classified into a planar gate type and a
trench gate type. The trench gate type IGBT has a relatively
low on resistance. In order to further promote conductivity
modulation and to further decrease the on resistance, an
“injection enhancement (IE)-type trench gate IGBT” (or
“active cell spaced trench gate IGBT”) utilizing the injection
enhancement (IE) effect has been developed. The IE-type
trench gate IGBT has an active cell actually coupled to an
emitter electrode and an inactive cell having a floating P body
region in a cell region. These cells are alternately arranged, or
disposed in the form of comb teeth, whereby holes (accep-
tors) tend to be stored on the device main surface side (emitter
side) of the semiconductor substrate.

In the present application, a related art trench gate IGBT
which is not an IE-type trench gate IGBT or an active cell
spaced type IGBT is called “full active trench gate IGBT (or
non-IE-type trench gate IGBT” so as to be distinguished from
the IE-type trench gate IGBT. The term “full active” as used
herein does not exclude a dummy cell positioned in the sur-
roundings, or an inactive cell or the like serving as a periph-
eral structure.

7. The term “narrow active cell IE-type trench gate IGBT”
as used in the present application means an IE-type trench
gate IGBT in which the width of a main active cell is narrower
than that of a main inactive cell.

The direction across a trench gate is called “cell width
direction”, and the extending direction (longitudinal direc-
tion) of the trench gate (linear gate) perpendicular to the
above width direction is called “cell length direction”.

The present application mainly handles “linear unit cell
region” (comprised of a linear active cell region and a linear
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inactive cell region), and the linear unit cell regions are
repeated in a cyclic manner, and arranged in an inner region of
the semiconductor chip to thereby form the “cell region”.

Generally, a cell peripheral coupling region is provided
around the cell region, and further a floating field ring or field
limiting ring or the like is provided around the cell peripheral
coupling region, which forms an end structure. The floating
field ring or field limiting ring is provided at the surface
(device surface) of a drift region apart from a P-type body
region (P-type well region), but has the same conduction type
as that of the P-type body region and the similar concentration
(which is such a concentration not to cause complete deple-
tion when a reverse voltage is applied to a main junction) to
that of the P-type body region. The floating field ring is an
impurity region or a group of impurity regions comprised of
one or more rings of cell regions.

The floating field ring is provided with a field plate. The
field plate is a conductor film pattern coupled to the floating
field ring, and extends above the surface (device surface) of a
drift region via an insulating film to enclose the cell region in
a ring-like manner.

In the linear unit cell region which serves as a cyclic ele-
ment forming the cell region, linear inactive cell regions
having a half width are arranged as one set on both sides of the
linear active cell region positioned at the center thereof,
which is reasonable. Specifically, the individual description
of' the linear inactive cell regions is inconvenient because the
inactive cell regions are separated into both sides. In such a
case, specifically, an integrated part is hereinafter referred to
as a linear inactive cell region.

8. In the present application, the diode will be described
below, assisted by the description about the IGBT, if neces-
sary. Suppose that the diode is a two-polar structure without a
gate of the IGBT, an anode of the diode corresponds to an
emitter of the IGBT, and a cathode of the diode corresponds to
a collector of the IGBT.

The diode used as a fly-back diode is classified into a PIN
diode and a schottky diode. Alternatively, a composite diode
is, for example, a merged pin-schottky (MPS) diode, a static-
shielding-diode (SSD), and the like.

Details of Preferred Embodiments

Some preferred embodiments will be further described
below in detail. In the respective drawings, the same or like
parts are indicated by the same or like reference character or
numeral, and its description will not be repeated in principle.

In the accompanying drawings, hatching will be omitted
even in the cross-sectional view when complicated or clearly
distinguished from a void. In this context, when apparently
cleared from the description or the like, even the contour of a
hole closed in a planar manner will be omitted in some cases.
Further, hatching is often given to a part which is not a void,
not even in the cross-sectional view so as to show that the part
is not the void.

1. Description of Main Application Fields of Semiconductor
Devices (IGBT, diode) of Respective Embodiments of
Present Application (See Mainly FIGS. 1 and 2)

In the following, a motor drive circuit will be specifically
described below as an application example. The application
field of the semiconductor device (IGBT, diode) of the respec-
tive embodiments in the present application is not apparently
limited thereto.

FIG. 1 is a connection diagram between a pair of an IGBT
and a diode in the use form of'a semiconductor device (includ-
ing the IGBT and the diode) of each embodiment of the
invention in the present application. FIG. 2 is a circuit dia-
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gram of a motor driving circuit to which the pair of the IGBT
and diode shown in FIG. 1 is applied to driving for a three-
phase motor. Based on the accompanying drawings, the main
application fields or the like of the semiconductor device
(IGBT, diode) of the respective embodiments in the present
application will be described below.

The IGBT and diode of this embodiment in the present
application is used in the state of a paired connection shown
in FIG. 1 (for example, as a paired module). That is, a collec-
tor terminal C of the IGBT (Q) is coupled to a cathode termi-
nal K of a fly-back diode D. An emitter terminal E of the IGBT
(Q) is coupled to an anode terminal A of the fly-back diode D.
The paired module has three terminals including the terminal
G as viewed from the outside.

FIG. 2 shows one example (three-phase motor driving cir-
cuit) of a specific application circuit which includes pairs of
IGBTs and diodes Pa, Pb, Pc, Pd, Pe, and Pf. As shown in F1G.
2, the three-phase motor driving circuit uses the pairs of
IGBTs and diodes Pa, Pb, Pc, Pd, Pe, and Pf to drive a
three-phase motor 30 by switching an output from a direct
current power supply 31 at the. The respective paired IGBTs
and diodes Pa, Pb, Pc, Pd, Pe, and Pf are comprised of a
combination of the IBGT elements Qa, Qb, Qc, Qd, Qe, and
Qf and the power diode elements Da, Db, Dc, Dd, De, and Df.

The power diode element in the invention of the present
application may be used not only for the above IGBT, but also
for a switching element, such as a MOS transistor or a bipolar
transistor. Further, the power diode element can be widely
used not only for the three-phase motor, but also for a circuit,
such as a two-phase motor or a solenoid driving circuit.

2. Description of Entire Structure or the like of IGBT Device
Chip of One Embodiment in Present Application (See,
Mainly, FIGS. 3 to 5)

Inthis section, by way of example, the previous definitions
or the like are complemented, while the outline of the repre-
sentative examples in the present application will be
explained by taking the examples to thereby provide the
entire preliminary explanation.

Inthe following, specifically, the IE-type trench gate IGBT
will be mainly described below. As will be described later, the
same goes for a full active type trench gate IGBT.

FIG. 3 is an exemplary layout diagram of an upper surface
of a cell region of an IE-type trench gate IGBT device chip
and its surroundings for explaining the outline of the main
embodiment of the invention in the present application. FIG.
4 shows an exemplary cross-sectional view of the device
taken along the line A-A' of a cut region R1 at the cell region
end of FIG. 3. FIG. 5 shows an enlarged top view of a linear
unit cell region shown in FIG. 3 and its surroundings R5 in
one embodiment of the invention in the present application
(corresponding to FIGS. 6 to 8 showing a one-dimensional
active cell spaced structure). Based on these drawings, the
entire structure of the IGBT device chip of the one embodi-
ment in the present application will be described below.

(1) Description of Planar Structure of Cell Region and its
Surroundings (see mainly FIG. 3): First, FIG. 3 shows a top
view of an inner region (a part inside a guard ring or the like
positioned at the outermost part of an end structure, that is, a
main part of a chip 2) of the device chip 2 of an IE-type trench
gate IGBT, which is a main object of description in this
section. As shown in FIG. 3, the main part of the inner region
of'the chip 2 (semiconductor substrate) is occupied by a cell
region 10. The cell region 10 is provided with a ring-like
P-type cell peripheral coupling region 35 so as to enclose its
outer periphery thereof. A P-type floating field rings 36 (that
is, field limiting ring 36 (that s, field limiting ring) in the form
of a single or plurality of rings is provided by some distance
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outside the cell peripheral coupling region 35, which forms
the end structure together with the cell peripheral coupling
region 35, the guard ring 4 (see FIG. 6), and the like with
respect to the cell region 10.

In this example, a number of linear unit cell regions 40 are

spread over the cell region 10. In such an end region, a pair or
more (one line or several lines for each side) of dummy cell
regions 34 (linear dummy cell regions) are disposed.
(2) Description of Intermediate Field Stopping Region, Nar-
row Active Cell type Unit Cell, and Alternate Arrangement
System (see, mainly FIG. 4): FIG. 4 shows a cross-sectional
view of a cut region R1 of the end of the cell region taken
along the line A-A' of FIG. 3. As shown in FIG. 4, a P*-type
collector region 18 is provided at the semiconductor region
(silicon single crystal region in this example) at a backside 15
(main back side or second main surface of the semiconductor
substrate) of the chip 2. A metal collector electrode 17 is
provided over the surface of the P*-type collector region 18.
An N-type buffer region 19 (first conductive type buffer
region) having a higher concentration than that of an N™-type
drift region 20 is provided between the N~ -type drift region 20
(first conductive type drift region) forming a main part of the
semiconductor substrate 2 and the P*-type collector region 18
(second conductive type collector region). That is, the N-type
buffer region 19 is provided at the N-type drift region 20
located on the inner side of the P*-type collector region 18 so
as to be in contact with the P*-type collector region 18. A
crystal defect region 41 is provided along the N-type buffer
region 19 from the vicinity of the boundary of the N-type
buffer region 19 (boundary between the N-type buffer region
19 and the N™-type drift region 20) to a part near the N™-type
drift region 20. Further, an N-type field stopping region 42
having a higher concentration than that of the N™-type drift
region 20 is provided over the N™-type drift region 20 on the
first main surface side along the crystal defect region 41.

The crystal defect region 41 is to improve the switching
characteristics by restricting the lifetime of the holes. For
example, this embodiment uses crystal defects remaining at
the time of activation annealing after introduction of the
N-type buffer region 19 and the P*-type collector region 18.
An N-type field stopping region 42 (intermediate field stop-
ping region) prevents the depletion layer from reaching the
crystal defect region 41 in the off state to effectively prevent
the increase in leak current. The N-type field stopping region
42 (intermediate field stopping region) is independently dis-
posed with the N™-type drift region 20 sandwiched between
the N-type buffer region 19 and the region 42. The relation-
ship of concentration in PN junction between the P*-type
collector region 18 and the N-type buffer region 19, which
define an implantation efficiency of the holes, and the con-
centration of the N-type field stopping region 42 can be inde-
pendently set appropriately, which are the merit.

A number of trenches 21 is provided in the semiconductor
region on the front surface side 1a (main surface on the front
side of the semiconductor substrate or the first main surface)
of the N-type drift region 20. In each trench, a trench gate
electrode 14 is embedded via a gate insulating film 22. Each
trench gate electrodes 14 is coupled to a metal gate electrode
5.

These trenches 21 serve to separate the respective regions.
For example, a dummy region 34 is partitioned from both
sides thereof by a pair of trenches 21. The cell region 10 and
the cell peripheral coupling region 35 are separated from each
other by one of the trenches 21. The cell peripheral coupling
region 35 is coupled to the metal emitter electrode 8 via a
P*-type body contact region 25p. In the present application,
unless otherwise specific, the thicknesses of the gate insulat-
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ing films 22 in any parts of the trenches are substantially the
same (however, the thickness of a part may be compared to,
and different from that of the other if necessary). In this way,
in the cell peripheral coupling region 35 and the dummy cell
region 34, even when the width of the dummy cell region 34
or the like is changed over the process, the reduction of the
withstand voltage can be prevented by the emitter contact.

A P-type floating field ring 36 is provided in the semicon-
ductor region on the front surface side 1a of the N™-type drift
region 20 outside the cell peripheral coupling region 35. A
field plate 4 is provided over the surface 1a, and coupled to the
floating field ring 36 via a P*-type body contact region 25~

Next, the cell region 10 will be further described below.
The dummy cell region 34 is basically the same as the linear
active cell region 40a in structure and size except that the
dummy cell region does not have the N*-type emitter region
12. A P*-type body contact region 25d provided at the surface
of the P-type body region 15 is coupled to the metal emitter
electrode 8. Most parts in the inner region of the cell region 10
are basically comprised of a repeated structure in the parallel
direction using the linear unit cell 40 as a unit cell (note that
the repeated structure does not require the symmetric prop-
erty in a strict sense, which can also be applied in the same
manner to the following description). The linear unit cell
region 40 as a unit cell is comprised of the linear active cell
region 40a and half-width linear inactive regions 40i posi-
tioned on both sides of the active cell 40a. Specifically, a
full-width linear inactive cell 40/ can be considered to be
positioned between the adjacent linear active cell regions 40a
(see FIG. 5).

A P-type body region 15 (second conduction type channel
region) is provided in a semiconductor surface region on the
main front surface 1a (first main surface) side of the semi-
conductor substrate in the linear active cell region 40a. An
N*-type emitter region 12 (first conductive type emitter
region) and a P*-type body contact region 25 are provided
over the body region 15. The P*-type body contact region 25
is coupled to a metal emitter electrode 8. An N-type hole
barrier region 24 is provided over an N™-type drift region 20
under the P-type body region 15 in the linear active cell region
40aq.

In contrast, likewise, the P-type body region 15 is provided
over the semiconductor surface region on the main front
surface 1a (first main surface) of the semiconductor substrate
in the linear inactive cell region 40i. A P-type floating region
16 (second conduction type floating region) is provided in the
N~ -type drift region 20 under the P-type body region 15. The
floating region 16 covers the lower end of trenches 21 on both
sides thereof, and is deeper than the trench 21. Provision of
the P-type floating region 16 can increase the width Wi of the
linear inactive cell region without reducing the drastic
decrease in withstand voltage. This arrangement can effec-
tively reinforce the hole trapping effect. In the IE-type trench
gate IGBT, the P-type floating region 16 traps the holes to
thereby increase the concentration ofholes in the N-type drift
region 20 (N base region) under the linear active cell region
40a. As a result, the concentration of electrons charged from
the MOSFET in the IGBT into the N base region is improved
to decrease the on resistance.

Inthis example, the width Wa of the linear active cell region
404 is narrower than the width Wi of the linear inactive cell
region 40i. In the present application, this cell is called “nar-
row active cell-type unit cell”. In the following, the device
mainly including the narrow active cell-type unit cell will be
specifically described. The invention in the present applica-
tion is not limited thereto, and apparently can also be applied
to a “non-narrow active cell-type unit cell”.
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In the example shown in FIG. 4, the linear active cell region
40a and the linear inactive cell region 40i are alternately
arranged to form the linear unit cell region 40. This structure
is called “alternate arrangement system” in the present appli-
cation. In the following, unless otherwise specified, the alter-
nate arrangement system will be described, but the same may
go for the “non-alternate arrangement system”.

FIG. 4 exemplarily shows main components including
respective components in various embodiments of the inven-
tion in the present application. Now, these components are
divided into a cell (section and planar structure thereof) and a
peripheral portion of the cell, which will be described below.
These elements are not independent from one another, and as
shown in FIG. 4, each of various modified examples is sub-
stituted for each component to form a main portion.

(3) Description of Active Cell One-Dimensional Spaced
Structure (see mainly FIG. 5)

FIG. 5 shows one example of a detailed planar structure
including a main part of the linear unit cell region shown in
FIG. 3 and its peripheral cut region R5. As shown in FIG. 5,
an N*-type emitter region 12 is provided over the entire linear
active cell region 40a in the length direction. That is, the
whole area of the linear active cell region 40a in the length
direction becomes an active section 40aa. The active section
40aa is a section of the linear active cell region 40a extending
in the length direction and provided with the N*-type emitter
region 12

The structure is called the “active cell one-dimensional
spaced structure” in the present application.

3. Description of Cell Structure of IGBT of One Embodiment
of'the Invention in Present Application (see mainly FIGS. 6 to
8)

This section will describe, in addition to the description of
the sections 1 and 2, one specific example of the layout of an
upper surface of a chip, and a unit cell structure which corre-
sponds to the one embodiment (which is the example of the
active cell one-dimensional spaced structure corresponding
to FIGS. 3 to 5 in section 2). The cell structure described in
this section is a narrow active cell-type unit cell of the alter-
nate arrangement type.

A normal IGBT element 2 having a withstand voltage of
600 volts will be described by way of example. The average
chip size is about 3 to 6 mm square. For convenience of the
description, a chip which is 4 mm long and 5.2 mm wide is
used by way of example. The withstand voltage of the device
is about 600 volts.

FIG. 6 shows a top view of the entire IE-type trench gate
IGBT device chip of the one embodiment (common to other
embodiments) in the present application (which substantially
corresponds to the form shown in FIG. 3, and whose shape is
very similar to a more specific shape shown in FIG. 3). FIG.
7 is an enlarged top view of the cut region R3 within the cell
region shown in FIG. 6 (which is a P-type deep floating and
hole barrier linear unit cell structure). FIG. 8 is a device
cross-sectional view taken along the line D-D' of FIG. 7.
Based on these drawings, the device structure of the IE-type
trench gate IGBT of the one embodiment in the present appli-
cation will be described below.

As shown in FIG. 6, a ring-like guard ring 3 formed of, for
example, aluminum wiring layer or the like is provided at an
outer periphery of the upper surface 1a of the IGBT device
chip 2. Inside the guard ring, several (single or a plurality of)
ring-like field plates 4 (for example, comprised of the same
aluminum wiring layer or the like as that described above) are
provided to be coupled to the ring-like floating field rings and
the like. The cell region 10 is provided inside the field plate 4
(floating field ring 36) and in a main part within the inner
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region at the upper surface 1a of the chip 2. The cell region 10
has a part near its outer periphery covered with the metal
emitter electrode 8 composed of the previous same aluminum
wiring layer as that described above. At the center of the metal
emitter electrode 8, a metal emitter pad 9 is provided for
coupling to a bonding wire or the like. For example, a metal
gate wiring 7 formed of the same aluminum wiring layer as
that described above is disposed between the metal emitter
electrode 8 and the field plate 4. The metal gate wiring 7 is
coupled to a metal gate electrode 5 formed of the same alu-
minum wiring layer as that described above. The center of the
metal gate electrode 5 becomes a gate pad 6 for coupling the
bonding wire or the like.

FIG. 7 shows an enlarged top view of the cut region R3
inside the cell region shown in FIG. 6. As shown in FIG. 7, the
cell region 10 is comprised of the linear active cell region 40a
and the linear inactive cell region 40/ which are alternately
arranged in the lateral direction. The trench gate electrode 14
is disposed between the linear active cell region 40a and the
linear inactive cell region 40i. Further, a linear contact groove
11 (or contact hole) is disposed at the center of the linear
active cell region 40a. The linear active cell regions 40a on
both sides of the contact trench 11 are provided with the linear
N*-emitter regions 12. In contrast, over the entire surface of
the linear inactive cell region 40i, a P-type body region 15 is
provided on the upper side, and a P-type floating region 16 is
provided on the lower side (see FIG. 4 or FIG. 8).

Next, FIG. 8 shows the cross-sectional view taken along
the line D-D' of FIG. 7. As shown in FIG. 8, in the semicon-
ductor region at the backside 15 of the semiconductor chip 2,
a P*-type collector region 18 and an N-type buffer region 19
are formed in contact with each other on the upper side and
the lower side, respectively. A metal collector electrode 17 is
formed over the backside 16 of the semiconductor chip 2.
That is, as described above, the N-type buffer region 19 is
provided at the N-type drift region 20 located on the inner side
of the P*-type collector region 18 so as to be in contact with
the P*-type collector region 18. A crystal defect region 41 is
provided along the N-type buffer region 19 from the vicinity
of the boundary with the N-type buffer region 19 (boundary
between the N-type buffer region 19 and the W-type drift
region 20) to a part near the N™-type drift region 20. Further,
an N-type field stopping region 42 having a higher concen-
tration than that of the W-type drift region 20 is provided over
the N™-type drift region 20 located on the first main surface
side with respect to the region 41 along the crystal defect
region 41.

The N-type hole barrier region 24 (first conductive type
hole barrier region), the P-type body region 15, and the
N*-type emitter region 12 are provided from the bottom in
that order over the N™-type drift region 20 (front surface side
semiconductor region of the semiconductor substrate) on the
front surface 1a side (first main surface) of the semiconductor
chip 2 in the linear active cell region 40a. An interlayer
insulating film 26 is formed over the front surface 1a of the
semiconductor chip 2. The interlayer insulating film 26 in the
linear active cell region 40a has the contact trenches 11 (or
contact holes) reaching the inside of the semiconductor sub-
strate. The P*-type body contact region 25 and the P*-type
latch-up preventing region 23 are provided from above in that
order in the semiconductor region at the bottom of each
contact trench 11 or the like. The P-type body region 15 and
the N*-type emitter region 12 are coupled to the metal emitter
electrode 8 provided over the interlayer insulating film 26 via
the contact trench 11 or the like.

The N-type hole barrier region 24 is a barrier region for
blocking the flow of holes through a route from the N™-type
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drift region 20 to the N*-type emitter region 12. The concen-
tration of impurities of the N-type hole barrier region 24 is
lower than that of the N*-type emitter region 12 and higher
than that of the N-type drift region 20. The presence of the
N-type hole barrier region 24 can effectively prevent the holes
trapped in the linear inactive cell regions 407 from entering an
emitter passage of the linear active cell region 40a (a passage
from the N™-type drift region 20 to the P*-type body contact
region 25).

In contrast, the P-type floating region 16 and the P-type
body region 15 are provided from the bottom in that order in
the N™-type drift region 20 (semiconductor region on the front
surface side of the semiconductor substrate) on the surface 1a
(first main surface) side of the semiconductor chip 2 in the
linear inactive cell region 40i. The P-type tloating region 16 is
deeper than the trench 21 to cover the lower end of the trench
21.

Now, one example of main sizes of each component of the
device will be described so as to specifically explain the
device structure (see FIGS. 4 and 8). That is, the width Wa of
the linear active cell region is about 2.3 um, and the width Wi
of the linear inactive cell region is about 6 um (note that the
width Wa of the linear active cell region is desirably narrower
that the width Wi of the linear inactive cell region, and the
ratio of Wi to Wa (Wi/Wa) is preferably in a range of, for
example, 2 to 3). The contact width is about 0.5 um, and the
trench width is about 0.7 pm (preferably, 0.8 pm or less). The
trench depth is about 3 pum, and the depth of the N*-type
emitter region 12 is about 250 nm. The depth of the P-type
body region 15 (channel region) is about 0.8 um. The depth of
the P*-type latch-up preventing region 23 is about 1.4 um.
The depth of the P*-type latch-up preventing region 23 is
about 1.4 um. The depth of the P-type floating region 16 is
about 4.5 um. The thickness of the N*-type buffer region 19 is
about 1.5 um. The depth of the P*-type collector region is
about 0.5 um. The N-type field stopping region 42 has a
thickness of about 10 pum, and is positioned apart from the
surface of the substrate by about 50 pm. The thickness of the
semiconductor substrate 2 is about 70 um (at a withstand
voltage of about 600 volts, by way of example). The thickness
of the semiconductor substrate 2 largely depends on the
required withstand voltage. Thus, the thickness of the semi-
conductor substrate 2 is, for example, about 120 um at a
withstand voltage of 1200 volts, and the thickness of the
semiconductor substrate 2 is, for example, about 40 um at a
withstand voltage of 400 volts.

In the following examples and also in the examples shown
in the section 2, the size of the corresponding component is
substantially the same as that described above, and a descrip-
tion thereof will not be repeated.

4. Description of Surface Device Formation Process of IGBT
0ofOne embodiment in Present Application (see mainly FIGS.
9 to 25)

This section will describe one example of the manufactur-
ing method of the device structure described in section 3. In
the following, peripheral components or the like of the cell
region 10 will be described focusing on the cell region 10 with
reference to FIGS. 3 to 5 if necessary.

FIG. 9 shows a cross-sectional view of the device in a
manufacturing step (hole barrier region introduction step)
corresponding to FIG. 8 for explaining a manufacturing
method of the device structure of the one embodiment of the
invention in the present application. FIG. 10 shows a cross-
sectional view of the device in another manufacturing step
(p-type floating region introduction step) corresponding to
FIG. 8 for explaining the manufacturing method of the device
structure of the one embodiment of the invention in the
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present application. FIG. 11 shows a cross-sectional view of
the device in another manufacturing step (hard mask deposi-
tion step for trench processing) corresponding to FIG. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation. FIG. 12 shows a cross-sectional view of the device in
another step (trench hard mask processing step) correspond-
ing to FIG. 8 for explaining the manufacturing method of the
device structure of the one embodiment of the invention in the
present application. FIG. 13 shows a cross-sectional view of
the device in another step (resist removal step for trench hard
mask processing) corresponding to FIG. 8 for explaining the
manufacturing method of the device structure of the one
embodiment of the invention in the present application. FIG.
14 shows a cross-sectional view of the device in another step
(trench processing step) corresponding to FIG. 8 for explain-
ing the manufacturing method of the device structure of the
one embodiment of the invention in the present application.
FIG. 15 shows a cross-sectional view of the device in another
step (hard mask removal step for trench processing) corre-
sponding to FIG. 8 for explaining the manufacturing method
ofthe device structure of the one embodiment of the invention
in the present application. FIG. 16 shows a cross-sectional
view of the device in another step (extending diffusion and
gate oxidation step) corresponding to FIG. 8 for explaining
the manufacturing method of the device structure of the one
embodiment of the invention in the present application. FIG.
17 shows a cross-sectional view of the device in another step
(gate polysilicon deposition step) corresponding to FI1G. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation. FIG. 18 shows a cross-sectional view of the device in
another step (gate polysilicon etching back step) correspond-
ing to FIG. 8 for explaining the manufacturing method of the
device structure of the one embodiment of the invention in the
present application. FIG. 19 shows a cross-sectional view of
the device in another step (gate oxidation film etching back
step) corresponding to FIG. 8 for explaining the manufactur-
ing method of the device structure of the one embodiment of
the invention in the present application. FIG. 20 shows a
cross-sectional view of the device in another step (P-type
body region and N*-type emitter region introduction step)
corresponding to FIG. 8 for explaining the manufacturing
method of the device structure of the one embodiment of the
invention in the present application. FIG. 21 shows a cross-
sectional view of the device in another step (interlayer insu-
lating film deposition step) corresponding to FIG. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation. FIG. 22 shows a cross-sectional view of the device in
another step (contact hole formation step) corresponding to
FIG. 8 for explaining the manufacturing method of the device
structure of the one embodiment of the invention in the
present application. FIG. 23 shows a cross-sectional view of
the device in another step (substrate etching step) correspond-
ing to FIG. 8 for explaining the manufacturing method of the
device structure of the one embodiment of the invention in the
present application. FIG. 24 shows a cross-sectional view of
the device in another step (P*-type body contact region and
P*-type latch-up preventing region introduction step) corre-
sponding to FIG. 8 for explaining the manufacturing method
ofthe device structure of the one embodiment of the invention
in the present application. FIG. 25 shows a cross-sectional
view of the device in another step (surface metal deposition
step) corresponding to FIG. 8 for explaining the manufactur-
ing method of the device structure of the one embodiment of
the invention in the present application. Based on these draw-
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ings, the device surface formation process or the like regard-
ing the IGBY of the one embodiment in the present applica-
tion will be described below.

First, a wafer of 200 mm¢ (note that other wafers of 150
mmé, 100 mm¢, 300 mm¢, 450 mmé or the like may be used)
comprised of the N™-type silicon single crystal (for example,
having a concentration of phosphorus of about 2x10**/cm>
and a resistivity of 22 to 30 Qcm) is prepared. The wafer
produced by a floating zone (FZ) method is most preferable,
but a wafer produced by Czochralski (CZ) method may be
used.

Then, as shown in FIG. 9, a resist film 31 for introduction
of'an N-type hole barrier region is formed substantially over
the entire surface of the surface 1a (first main surface) of the
semiconductor wafer 1 by application or the like. The wafer is
patterned by the normal lithography. Then, N-type impurities
are introduced by the ion implantation into the semiconductor
substrate 1s on the front surface 1a (first main surface) side of
the semiconductor wafer 1 (N-type single crystal silicon sub-
strate), using the resist film 31 for introduction of the pat-
terned N-type hole barrier region as a mask. Thus, the N-type
hole barrier region 24 is formed. Preferable conditions for the
ion implantation at this time can be, by way of example, lon
Species: phosphorus, Dose Amount: about 6x10'%cm?,
Implantation Energy: about 80 KeV. Then, an unnecessary
part of the resist film 31 is removed by ashing or the like.

Then, as shown in FIG. 10, a resist film 37 for introduction
of the P-type floating region is formed substantially over the
entire surface of the front surface 1a of the semiconductor
wafer 1 by application or the like, and then is patterned by the
normal photolithography. Using the patterned resist film 37
for introduction of the P-type floating region as a mask,
P-type impurities are introduced into the semiconductor sub-
strate 1s on the front surface 1a (first main surface) side of the
semiconductor wafer 1, for example, by ion implantation to
thereby form the P-type floating region 16. Preferable condi-
tions for the ion implantation at this time can be, by way of
example, Jon Species: boron, Dose Amount: about 3.5x10%/
cm?, Implantation Energy: about 75 KeV. Then, an unneces-
sary part of the resist film 37 is removed by ashing or the like.
Upon introducing the P-type floating region 16, the cell
peripheral coupling region 35 and the floating field ring 36
shown in FIG. 2 are simultaneously introduced.

Then, as shown in FIG. 11, a hard mask film 32 for forma-
tion of a trench (for example, of about 450 nm in thickness),
such as a silicon oxide insulating film, is deposited substan-
tially over the entire front surface 1a of the semiconductor
wafer 1, for example, by a chemical vapor deposition (CVD)
or the like.

Then, as shown in FIG. 12, a resist film 33 for processing a
trench hard mask film is formed by application and the like
substantially over the entire front surface 1a of the semicon-
ductor wafer 1, and then patterned by the normal lithography.
The hard mask film 32 for formation of the trench is patterned,
for example, by dry etching, using the patterned resist film 33
for processing the trench hard mask film as a mask.

Thereafter, as shown in FIG. 13, the unnecessary resist film
33 is removed by ashing or the like.

Then, as shown in FIG. 14, trenches 21 are formed, for
example, by anisotropic dry etching, using the patterned hard
mask film 32 for formation of the trench. Gas for the aniso-
tropic dry etching can be, preferably, for example, C1,/O,-
based gas.

Thereafter, as shown in FIG. 15, the unnecessary hard
mask film 32 for formation of the trench is removed by wet
etching, for example, using an etchant for a hydrofluoric
acid-based silicon oxide film.
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Then, as shown in FIG. 16, the P-type floating region 16
and the N-type hole barrier region 24 are extended and dif-
fused (for example, at a temperature of 1200° C. for about 30
minutes). Subsequently, for example, a gate insulating film 22
(for example, of about 120 nm in thickness) is formed sub-
stantially over the front surface 1a of the semiconductor
wafer 1 and over the entire inner surface of the trench 21, for
example, by thermal oxidization or the like.

Then, as shown in FIG. 17, a doped poly-silicon film 27
(for example, of about 600 nm in thickness) doped with
phosphorus is deposited substantially over the front surface
1a of the semiconductor wafer 1 above the gate insulating
film 22, and over the entire inner surface of the trench 21, for
example, by a CVD or the like so as to fill the trench 21.

Then, as shown in FIG. 18, the poly-silicon film 27 is
etched back, for example, by dry etching or the like (for
example, using SF or the like as a gas) to thereby form the
trench gate electrode 14 in each trench 21.

Then, as shown in FIG. 19, the gate insulating film 22
outside the trench 21 is removed, for example, by wet etching
using the etchant for the hydrofluoric acid-based silicon oxide
film.

Thereafter, as shown in FIG. 20, a relatively thin silicon
oxide film for ion implantation to be performed later (for
example, having the same thickness as the gate insulating
film) is formed substantially over the entire front surface 1a of
the semiconductor wafer 1, for example, by the thermal oxi-
dization or CVD. Subsequently, a resist film for introduction
of'the P-type body region is formed over the front surface 1a
of'the semiconductor wafer 1 by the normal lithography. The
P-type body region 15 is formed by introducing P-type impu-
rities into the substantially entire surface of the cell region 10
and other necessary parts, for example, by ion implantation,
using the resist film for introduction of the P-type body region
as a mask. Preferable conditions for the ion implantation at
this time can be, by way of example, lon Species: boron, Dose
Amount: about 3x10"*/cm?, Implantation Energy: about 75
KeV. Then, an unnecessary part of the resist film for intro-
duction of'the P-type body region is removed by ashing or the
like.

Further, a resist film for introduction of an N*-type emitter
region is formed over the front surface 1a of the semiconduc-
tor wafer 1 by the normal lithography. The N*-type emitter
region 12 is formed substantially over the entire top surface of
the P-type body region 15 in the linear active cell region 40a,
for example, by introducing N-type impurities by ion implan-
tation, using the resist film for introduction of the N*-type
emitter region as a mask. Preferable conditions for the ion
implantation at this time can be, by way of example, Ion
Species: arsenic, Dose Amount: about 5x10"%/cm?, Implan-
tation Energy: about 80 KeV. Then, an unnecessary part of the
resist film for introduction of the N*-type emitter region is
removed by ashing or the like.

Then, as shown in FIG. 21, for example, a phosphsilicate
glass (PSG) film (for example, of about 600 nm in thickness)
is deposited substantially over the entire front surface 1a of
the semiconductor wafer 1 as the interlayer insulating film 26,
for example, by the CVD or the like. The suitable interlayer
insulating film 26 can be, by way of example, a PSG film, a
borophosphsilicate glass (BPSG) film, a non-doped silicate
glass (NSF) film, a spin-on-glass (SOG) film, or a composite
film thereof.

Then, as shown in FIG. 22, aresist film 28 for formation of
the contact trench is formed on the interlayer insulating film
26 over the front surface 1a of the semiconductor wafer 1 by
the normal lithography. Subsequently, for example, the con-
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tact trench 11 (or contact hole) is formed by the anisotropic
dry etching or the like (using a gas, such as Ar/CHF,/CF,, or
the like).

Thereafter, as shown in FIG. 23, the unnecessary resist film
28 is removed by ashing or the like. Subsequently, the contact
trench 11 (or contact hole) is extended inside the semicon-
ductor substrate, for example, by the anisotropic dry etching.
Suitable gas at this time can be, for example, Cl,/O,-based
gas.

Then, as shown in FIG. 24, for example, a P*-type body
contact region 25 is formed, for example, through the contact
trench 11 by ion-implanting P-type impurities. Preferable
conditions for the ion implantation at this time can be, by way
of example, Ton Species: BF,, Dose Amount: about 5x10%/
cm?, Implantation Energy: about 80 KeV.

Likewise, for example, the P*-type latch-up preventing
region 23 is formed through the contact trench 11 by ion-
implanting P-type impurities. Preferable conditions for the
ion implantation at this time can be, by way of example, lon
Species: boron, Dose Amount: about 5x10**/cm?, Implanta-
tion Energy: about 80 KeV.

Then, as shown in FIG. 25, for example, an aluminum
electrode film (metal emitter electrode 8) is formed by sput-
tering or the like. Specifically, for example, the following
procedure will be performed. First, for example, a TiW film is
formed, for example, by sputtering, as a barrier metal film
substantially over the entire front surface 1a of the semicon-
ductor wafer 1 (in a thickness of about 200 nm) (note that
most of titanium elements in the TiW film moves at the silicon
interface by the following heat treatment to thereby form a
silicide, thus contributing to the improvement of the contact
characteristics, but this is very complicated and cannot be
shown in the figure).

Subsequently, for example, silicide annealing is per-
formed, for example, at a temperature of around 600° C. for
about 10 minutes under a nitrogen atmosphere. Then, an
aluminum-based metal film (for example, of 5 pm in thick-
ness) is formed of aluminum as a principal component (for
example, several % of silicon additive, the balance being
aluminum), substantially over the entire surface of the barrier
metal film by sputtering deposition or the like, so as to fill the
contact trench 11. Subsequently, the metal emitter electrode 8
comprised of the aluminum metal film and the barrier metal
film is patterned by the normal lithography (using gas for dry
etching, such as Cl,/BCl; or the like). Further, as a final
passivation film, for example, an organic film containing
polyimide as a principal component (for example, of 2.5 pm
in thickness) or the like is applied to substantially the entire
device surface 1a of the wafer 1, and then an emitter pad 9 and
the gate pad 6 as shown in FIG. 6 are opened by the normal
lithography.

Thus, the device surface formation process is completed
and then another process for the backside or the like is pro-
ceeded.

5. Description of Device Backside Formation Process in
IGBY of One Embodiment in Present Application (See
Mainly FIGS. 26 to 30)

This section will describe the device backside formation
process regarding the IGBT of the one embodiment in the
present application, following the section 4.

FIG. 26 shows a cross-sectional view of the device in
another step (N-type field stopping region introduction pro-
cess) corresponding to FIG. 8 for explaining the manufactur-
ing method of the device structure of the one embodiment of
the invention in the present application. FIG. 27 shows a
cross-sectional view of the device in another step (back grind
step) corresponding to FIG. 8 for explaining the manufactur-
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ing method of the device structure of the one embodiment of
the invention in the present application. FIG. 28 shows a
cross-sectional view of the device in another step (N-type
buffer region introduction step) corresponding to FIG. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation. FIG. 29 shows a cross-sectional view of the device in
another step (P*-type collector region introduction step) cor-
responding to FIG. 8 for explaining the manufacturing
method of the device structure of the one embodiment of the
invention in the present application. FIG. 30 shows a cross-
sectional view of the device in another step (metal collector
electrode formation step) corresponding to FIG. 8 for
explaining the manufacturing method of the device structure
of the one embodiment of the invention in the present appli-
cation. Based on the drawings, the device backside formation
process of the IBGT of the one embodiment in the present
application will be described below.

As shown in FIG. 26, for example, the N-type field stop-
ping region 42 of about 10 pm in thickness is introduced into
the entire N™-type drift region 20 located in the position apart
from the substrate surface by about 50 pm by implanting
protons (hydrogen ions) from the front surface 1a side of the
wafer 1. Application conditions can be, by way of example,
Ion Species (implanted particles): protons (hydrogen ions),
Implantation Method: vertical implantation, Implantation
Energy: about 4.3 MeV, Dose Amount for each time: 1x10'3/
cm?, and Number of Implantation: about twice). For example,
an industrial cyclotron or the like can be used as the implant-
ing device. The implanted particles may be made of not only
hydrogen ions, but also helium ions or the like.

Subsequently, the activation annealing of protons is per-
formed, for example, at a temperature of about 400 to 500° C.

Then, as shown in FIG. 27, the backside 15 of the wafer 1
is subjected to a back grinding process (if necessary, chemical
etching or the like for removing the damages on the backside),
which thins the area up to a back-grinding position 43 by
machining or the like as indicated by a dashed line in the
figure. The last thickness of the wafer 1 is decreased up to, for
example, about 30 to 200 pm, if necessary, from the original
thickness of'the wafer of about 800 um (preferably, in a range
0f'450 to 1000 um). For example, for the withstand voltage of
about 600 volts, the last thickness is about 70 um (note that the
lower limit of the thickness is defined by the required with-
stand voltage).

Then, as shown in FIG. 28, the n-type buffer region 19 is
introduced over the surface region of the backside 15 of the
wafer 1 by performing ion-implantation on the entire surface
from the backside 15 of the thinned wafer 1 (N~-type drift
region 20 before the introduction). Preferable conditions for
the ion implantation at this time can be, by way of example,
Ion Species: phosphorus, Implantation Method: vertical
implantation, Implantation Energy: about 350 KeV, Dose
Amount for each time: about 7x10'%cm?, and Number of
Implantation Processes: one time.

Then, as shown in FIG. 29, for example, the ion implanta-
tion is performed on the entire front surface region of the
backside 15 of the wafer 1 (N™-type drift region 20 before
introduction of the N-type buffer region 19) from the back-
side 15 of the wafer to thereby introduce the P*-type collector
region 18. Preferable conditions for the ion implantation at
this time can be, by way of example, lon Species: boron,
Implantation Method: vertical implantation, Implantation
Energy: about 40 KeV, Dose Amount for each time: about
3x10/cm®, and Number of Implantation Processes: one
time.
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Subsequently, the activation annealing (activation ratio is,
for example, about 40%, preferably, in a range of about 30 to
64%) is performed on the P*-type collection region 18 over
the substantially entire backside 15 of the wafer 1. Preferable
annealing conditions (laser application conditions) can be, by
way of example, Annealing Method: irradiation of backside
15 of the wafer 1 with a laser light, Wavelength of Laser: 527
nm, Pulse Width: about 100 ns, Energy Density: about 1.8
J/em?, Application System: two-pulse system, Delay Time
between Both Pulses: about 500 ns, and Pulse Overlap Rate:
about 50%.

Thus, Crystal defects generated by the ion implantation on
the backside are left along the N-type buffer region 19 from
the vicinity of a boundary (boundary between the N-type
buffer region 19 and the N™-type drift region 20) to a part near
the above boundary of the N™-type drift region 20 between the
N-type field stopping region 42 and the N-type buffer region
19, which forms the crystal defect region 41.

Then, as shown in FIG. 30, for example, the metal collector
electrode 17 is formed substantially over the entire backside
15 of the semiconductor wafer 1, for example, by sputtering
(more specifically, see FIG. 33 and a description thereof).
Thereafter, the semiconductor wafer 1 is separated into chip
regions by dicing or the like, and sealed with a package if
necessary, thus completing the device.

6. Description of Modified Example of Cell Structure of
IGBT (Full-Active Cell Region) of One Embodiment in
Present Application (See Mainly FIGS. 31 and 32)

In the sections 2 to 5, the IE-type trench gate IGBT has
been specifically described by way of example, but in each
embodiment of the invention in the present application, other
unit cell structures, for example, a unit cell structure of the
full-active trench gate IGBT can also be apparently applied.
Thus, in this section, the unit cell structure of the full-active
trench gate IGBT will be descried below.

FIG. 31 shows an enlarged top view (corresponding to FIG.
7 in the section 3) of a cut region R3 inside the cell region
shown in FIG. 6 in a modified example (full active-type cell
region) of the cell structure of the IGBT of the one embodi-
ment of the invention in the present application. FIG. 32
shows cross-sectional view (corresponding to FIG. 8 in the
section 3) of the device taken along the line D-D' of FIG. 31.
Based on the drawings, the modified example (full active-
type cell region) of the cell structure of the IGBT of the one
embodiment of the invention in the present application will be
described below.

As shown in FIG. 31, the cell region 10 is comprised of the
linear active cell regions 40q repeatedly arranged mainly in
the lateral direction (note that the entire linear unit cell
regions 40 are comprised of the linear active cell regions 40a).
A trench gate electrode 14 is disposed between the linear unit
cell regions 40. At the center of the linear unit cell region 40,
the linear contact trench 11 (or contact hole) is disposed. The
linear unit cell region 40 located on each side of the contact
trench 11 is provided with a linear N*-type emitter region 12.

Next, FIG. 32 shows a cross-sectional view taken along the
line D-D' of FIG. 31. As shown in FIG. 32, in the semicon-
ductor region at the backside 15 of the wafer 1, the P*-type
body region 18 is provided on the upper side, and the N-type
buffer region 19 is provided on the lower side. The metal
collector electrode 17 is formed over the backside 1 of the
semiconductor chip 2. That is, as described above, the N-type
buffer region 19 is provided at the N™-type drift region 20
located on the inner side of the collector region 18 so as to be
in contact with the P*-type collector region 18. The crystal
defect region 41 is provided over the N™-type drift region 20
around the outer periphery of the N-type buffer region 19
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along the region 19. Further, the N-type field stopping region
42 having a higher concentration than that of the N™-type drift
region 20 is provided over the W-type drift region 20 on the
first main surface side along the crystal defect region 41.

The N™-type hole barrier region 24, the P-type body region
15, and the N™*-type emitter region 12 are provided from the
bottom in that order over the N™-type drift region 20 (front
surface side semiconductor region of the semiconductor sub-
strate) on the front surface 1a side (first main surface) of the
semiconductor chip 2 in the linear unit cell region 40. An
interlayer insulating film 26 is formed over the front surface
1a of the semiconductor chip 2. The interlayer insulating film
26 in the linear unit cell region 40 has the contact trenches 11
(or contact holes) reaching the inside of the semiconductor
substrate. The P*-type body contact region 25 and the P*-type
latch-up preventing region 23 are provided from above in that
order in the semiconductor region at the bottom of each
contact trench 11 or the like. The P-type body region 15 and
the N*-type emitter region 12 are coupled to the metal emitter
electrode 8 provided over the interlayer insulating film 26 via
the contact trench 11 or the like.

The N-type hole barrier region 24 is a barrier region for
blocking the flow of holes through a route from the W-type
drift region 20 to the N*-type emitter region 12. The concen-
tration of impurities of the N-type hole barrier region 24 is
lower than that of the N*-type emitter region 12 and higher
than that of the N™-type drift region 20. The presence of the
N-type hole barrier region 24 can effectively prevent the holes
stored in the N™-type drift region 20 from entering an emitter
passage (a passage from the N™-type drift region 20 to the
P+-typebody contact region 25). It is apparent that the N-type
hole barrier region 24 is not essential.

As described above, the full-active type cell region 10 has
no linear inactive cell 40i shown in FIG. 4. The entire linear
unit cell region 40 shown in FIG. 3 becomes the linear active
cell region 40a.

7. Description of Modified Example (Aluminum Doped Con-
tact) of Detailed Structure of Backside of IGBT of One
Embodiment in Present Application (See Mainly FIG. 33)

The example of this section can be applied to all examples
other than in this section. This embodiment can also be appar-
ently applied to the IGBT including the general front surface
side structure.

For convenience of description, this section will describe
the device structure, along the example of the section 3. The
process of this section will be briefly descried below with
reference to the section 5.

In the following, the IE-type trench gate IGBT will be
specifically described below. The backside structure is not
limited to the IE-type IGBT or trench gate IGBT (full-active
typetrench gate IGBT), and can also be applied to other forms
of IGBT (for example, planar IGBT) and the like.

FIG. 33 is a cross-sectional view of the local details of the
backside of the device for explaining the device structure and
the manufacturing method thereof in another modified
example (aluminum doped contact) of a detailed structure of
the backside of the IGBT of the one embodiment of the
invention in the present application.

Specifically, FIG. 33 shows an enlarged cross-sectional
view of the backside of the semiconductor chip 2 shown in
FIG. 8 and its surroundings (which exemplarily shows an
enlarged structure of the backside and its surroundings in the
thickness direction of the chip). As shown in FIG. 33, a
relatively thin P-type semiconductor region (of'0.04 to 0.1 pm
in thickness), that is, an aluminum doped region 30 (second
conductive type high-concentration collector contact region)
is provided in a semiconductor region at the lower end of the
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P*-type collector region 18 on the backside of the semicon-
ductor substrate 2. The concentration of impurities of the
doped region 30 (for example, about 1x10'°/cm?) is higher
than that of the P*-type collector region 18. The metal col-
lector electrode 17 is formed in contact with the aluminum
doped region 30 over the backside 15 of the semiconductor
substrate 2. By way of example, the electrode 17 is formed
from the side closer to the semiconductor substrate 2 as fol-
lows. That is, the electrode 17 is comprised of an aluminum
backside metal film 17a (for example, of about 600 nm in
thickness) serving as an impurity source of the aluminum
doped region 30, a titanium backside metal film 176 (for
example, of about 100 nm in thickness), a nickel backside
metal film 17¢ (for example, of about 600 nm in thickness),
and a gold backside metal film 174 (for example, of about 100
nm in thickness).

Now, a manufacturing method will be briefly described.
Like the process described in the section 5 with reference to
FIG. 30, that is, the above aluminum backside metal film 174,
the titanium backside metal film 17, the nickel backside metal
film 17¢, and the gold backside metal film 174 are deposited
by sputtering in that order during the sputtering deposition.
Further, the heat generated at this time causes aluminumto be
introduced into the silicon substrate to thereby form the alu-
minum doped region 30. Thereafter, the semiconductor wafer
1 is separated into chip regions by dicing or the like to provide
the structure shown in FIG. 8 (which does not show the
detailed structure).

In each embodiment of the present application, the holes
are stored on the emitter side in the on state to promote the
implantation of electrons. Conversely, a PN diode on the side
of the backside collector becomes a diode having a low effi-
ciency of implantation, and thus reduces switching loss. In
order to form the backside diode with the low efficiency of
implantation, it is very effective to decrease the ratio of a
carrier concentration Qp of the P*-type collector region 18 to
a carrier concentration Qn of an N-type field stopping region
19 (hereinafter referred to as a “carrier concentration ratio™),
that is, (Qp/Qn). The excessive decrease in carrier concentra-
tion Qp of the P*-type collector region 18 degrades the char-
acteristics of the backside metal contact. In this example, the
aluminum doped region 30 is provided which has a higher
concentration of impurities than that of the P*-type collector
region 18 introduced from the aluminum film on the backside.
The carrier concentration ratio can be preferably, for
example, about 1.5 (in a range of, for example, about 1.1 to 4).

This section has described the backside metal structure or
the like (containing the contact region) applied to the case
where the PN diode on the backside collector side has a low
efficiency of implantation. The backside metal structure or
the like is not limited to the aluminum doped region 30, or an
aluminum backside metal film 17a, and may be comprised of
a combination of other metal films.

8. Description of Modified Example (Epitaxial Process) of
Device Surface Formation Process of IGBT of One Embodi-
ment in Present Application (See FIGS. 34 and 35)

The sections 4 and 5 have described the non-epitaxial pro-
cess not using an epitaxial process. Various types of devices
described in the present application can be manufactured
even by various kinds of epitaxial processes using the epi-
taxial process. This section will describe an example of the
epitaxial processes corresponding to the sections 4 and 5.

FIG. 34 shows a cross-sectional view of the device in
another manufacturing step corresponding to FIG. 8 (N-type
field stopping region introduction step) for explaining a modi-
fied example (epitaxial process) of a formation process of the
surface of the device in the IGBT of the one embodiment of
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the invention in the present application. FIG. 35 shows a
cross-sectional view of the device in another manufacturing
step corresponding to FIG. 8 (N-type silicon epitaxial region
formation step) for explaining a modified example (epitaxial
process) of the device surface formation process of the IGBT
of the one embodiment of the invention in the present appli-
cation. Based on the drawings, the modified example (epi-
taxial process) of the device surface formation process of the
IGBT of the one embodiment of the invention in the present
application will be described below.

First, a wafer of 200 mm water (note that other wafers of
150 mmg¢, 100 mm¢, 300 mm¢, 450 mm¢ or the like may be
used) comprised of the N™-type silicon single crystal (for
example, having a concentration of phosphorus of about
2x10"*/em® and a resistivity of 22 to 30 Qcm) is prepared.
The wafer produced by a Czochralski (CZ) method is most
preferable, but a wafer produced by Floating Zone (FZ)
method may be used.

Then, as shown in FIG. 34, the N-type field stopping region
42 is introduced into a semiconductor surface region (within
an W-type single crystal silicon substrate 1s to serve as an
N~ -type drift region 20) at the front surface 1a of the wafer 1
by performing ion-implantation on the entire front surface 1a
of the wafer 1 from the front surface 1a side. Preferable
conditions for the ion implantation at this time can be, by way
of example, lon Species: phosphorus, Implantation Method:
vertical implantation, Implantation Energy: about 75 KeV,
Dose Amount for Each Implantation: 5x10*!/cm?, Number of
Implantation Processes: one time.

Subsequently, the activation annealing (for example, at a
temperature of 1200° C. for about 30 minutes) is applied to
the N-type field stopping region 42 if necessary.

Then, as shown in FIG. 35, an N-type silicon epitaxial
region 1e (for example, having a thickness of about 50 um and
a resistivity of about 22 Qcm at a withstand voltage of about
600 volts) is formed over the front surface 1a of the wafer 1 by
epitaxial growth.

Thereafter, the processes described in the section 4 with

reference to FIGS. 9 to 25 are performed, and further, the
processes described in the section 5 with reference to FIGS.
27 to 30 are described.
9. Description of Basic Example (PIN Diode having Crystal
Defect Region and Intermediate Field Stopping Regions) of
Power Diode of One Embodiment in Present Application (See
Mainly FIGS. 36 and 37)

The sections 2 to 8 mainly describe the case in which the
basic theory of the invention in the present application is
applied to the IGBT, but the sections 9 to 13 will mainly
describe the case in which the basic theory of the invention is
applied to the diode.

This section will describe the entire chip structure and the
main device region structure of the PIN diode with the crystal
defect region and the intermediate field stopping regions.
This is because the PIN diode does not include a repeated
structure, and its main PN junction has only the main part
(center part) and only an end. Now, the main part of the main
PN junction, specifically, a part serving as a unit cell part of
the cell region in the cell structure will be extracted and
described below. The device structure as described in the
following sections 11 and 12 has a surrounding structure like
the IGBT, and thus, the unit cell part will be extracted and
described in the same manner as the case of the IGBT.

The peripheral structure shown in FIG. 36 is substantially
the same as that described with reference to FIGS. 3 and 4
except that the dummy cell is not included.

FIG. 36 is atop view of the entire diode chip corresponding
to FIG. 6 in a basic example of a power diode (PIN diode
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including the crystal defect region and the intermediate field
stopping region) of the one embodiment of the invention in
the present application. FIG. 37 is a cross-sectional view of
the device in a main device region, taken along the line F-F' of
FIG. 36 (corresponding to FIG. 8 in the section 3). Based on
the drawings, the basic example of the power diode of the one
embodiment in the present application (PIN diode including
a crystal defect region and an intermediate field stopping
region) will be described below.

As shown in FIG. 36, for example, a ring-like guard ring 3
comprised of, for example, an aluminum wiring layer or the
like, is provided at the outer periphery of the upper surface 1a
of the PIN diode device chip 2. Inside the ring 3, several
(single or a plurality of) ring-like field plates 4 coupled to the
ring-like floating field ring or the like are provided (for
example, comprised of the same aluminum wiring layer or the
like as mentioned above). The main PN junction region 10 is
provided inside the field plates 4 (floating field ring 36 shown
in FIG. 4) and in the main part of the inner region at the upper
surface 1a of the chip 2. The main PN junction region 10 is
covered with a metal anode electrode 44 comprised of, for
example, the same aluminum wiring layer or the like as
described above, up to the vicinity of its outer periphery. The
center part of the metal anode electrode 44 becomes an anode
pad 45 for coupling to a bonding wire or the like.

Then, FIG. 37 shows the cross-sectional view of the cut
region R3 inside the cell region taken along the line F-F' of
FIG. 36. As shown in FIG. 37, a high-concentration N-type
cathode region 47 is formed to have a higher concentration
than that of the N™-type drift region 20 in the semiconductor
region (N -type drift region 20) at the backside 15 of the
semiconductor chip 2, and the metal cathode electrode 17 is
formed over the backside 15 of the semiconductor chip 2. The
crystal defect region 41 is provided along the N-type cathode
region 47 over the N™-type drift region 20 in the vicinity of'its
outer periphery. Further, the N-type field stopping region 42 is
provided along the crystal defect region 41 in the N™-type
drift region 20 on the first main surface side. The field stop-
ping region 42 has a higher concentration than that of the drift
region 20.

A P-type anode region 46 is provided in the N™-type drift

region 20 (front surface side semiconductor region of the
semiconductor substrate) on the front surface 1a (first main
surface) side of the semiconductor chip 2 in the main PN
junction region 10. An anode metal electrode 44 is formed
over the front surface 1a of the semiconductor chip 2, and
coupled to the P-type anode region 46 (in ohmic contact
therewith).
10. Description of Basic Manufacturing Process Regarding
Basic Example of Power Diode (PIN Diode Including Crystal
Defect Region and Intermediate Field Stopping Region) of
One Embodiment in Present Application (See Mainly FIGS.
3810 43)

This section will describe a manufacturing process of the
diode (non-epitaxial process) corresponding to that described
in the sections 4 and 5 about the manufacturing method of the
IGBT.

FIG. 38 shows a cross-sectional view of the device in
another manufacturing step corresponding to FIG. 37 (P-type
anode region introduction step) for explaining a basic
example of a manufacturing process of the power diode of the
one embodiment of the invention in the present application.
FIG. 39 shows a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (metal anode
electrode formation step) for explaining the basic example of
the manufacturing process of the power diode of the one
embodiment of the invention in the present application. FIG.
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40 shows a cross-sectional view of the device in another
manufacturing step corresponding to FIG. 37 (N-type field
stopping region introduction step) for explaining the basic
example of the manufacturing process of the power diode of
the one embodiment of the invention in the present applica-
tion. FIG. 41 shows a cross-sectional view of the device in
another manufacturing step corresponding to FIG. 37 (back
grind step) for explaining the basic example of the manufac-
turing process of the power diode of the one embodiment of
the invention in the present application. FIG. 42 shows a
cross-sectional view of the device in another manufacturing
step corresponding to FIG. 37 (N-type cathode region intro-
duction step) for explaining the basic example of the manu-
facturing process of the power diode of the one embodiment
of the invention in the present application. FIG. 43 shows a
cross-sectional view of the device in another manufacturing
step corresponding to FIG. 37 (metal cathode electrode for-
mation step) for explaining the basic example of the manu-
facturing process of the power diode of the one embodiment
of the invention in the present application. Based on the
drawings, the basic manufacturing process regarding the
basic example of the power diode of the one embodiment in
the present application (PIN diode including the crystal
defect region and the intermediate field stopping region) will
be described below.

First, a wafer of 200 mm¢ water (note that other wafers of
150 mm¢, 100 mm¢, 300 mm¢, 450 mmé, or the like may be
used) comprised of the N™-type silicon single crystal (for
example, having a concentration of phosphorus of about
2x10"*/em® and a resistivity of 22 to 30 Qcm) is prepared.
The wafer produced by a floating zone (FZ) method is most
preferable, but a wafer produced by Czochralski (CA)
method may be used.

Then, as shown in FIG. 38, P-type impurities, such as
boron, are ion-implanted into the entire surface of the main
PN junction region 10 from the front surface 1a side of the
wafer 1, so that the P-type anode region 46 is introduced at the
semiconductor surface region of the front surface 1a of the
wafer 1 (into the N™-type single crystal silicon substrate 1s to
serve as the N™-type drift region 20).

Then, as shown in FIG. 39, like the metal emitter electrode
8 described in the previous section 4, the anode metal elec-
trode 44 is formed over the front surface 1a of the wafer 1
above the P-type anode region 46.

Then, as shown in FIG. 40, an N-type field stopping region
42 is formed inside the N™-type drift region 20 in the same
manner as that described in the previous section 5 with ref-
erence to FIG. 26.

Then, as shown in FIG. 41, the wafer is thinned by back-
grinding in the same manner as that described in the previous
section 5 with reference to FIG. 27.

Then, as shown in FIG. 42, the N-type cathode region 47 is
formed over the front surface region on the second main
surface side of the W-type drift region 20, like the N-type
buffer region 19 described in the previous section 5 with
reference to FIG. 28. Preferable conditions for the ion
implantation at this time can be, by way of example, Ion
Species: phosphorus, Implantation Method: vertical implan-
tation, Implantation Energy: about 125 KeV, Dose Amount
for Each Implantation: 1x10"%/cm?, Number of Implantation
Processes: one time.

Preferable activation annealing conditions (laser applica-
tion conditions) can be, by way of example, Annealing
Method: irradiation of backside 15 of the wafer 1 with a laser
light, Wavelength of Laser: 527 nm, Pulse Width: about 100
ns, Energy Density: about 1.8 J/cm?, Application System:
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two-pulse system, Delay Time between Both Pulses: about
500 ns, and Pulse Overlap Rate: about 50 to 66%.

Then, as shown in FIG. 43, the metal cathode electrode 17
or the like is formed over the backside 156 of the wafer 1 in the
same manner as that described in the previous section 5 with
reference to FIG. 30. The metal cathode electrode 17 or the
like may be formed in the same manner as that shown in FIG.
33.

Thereafter, the semiconductor wafer 1 is separated into

chip regions by dicing or the like, which are then sealed in a
package if necessary, so that the device is completed.
11. Description of Modified Example 1 (MPS Diode with
Crystal Defect Region and Intermediate Field Stopping
Region) of Power Diode of One Embodiment in Present
Application (See Mainly FIG. 44)

This section will describe the modified example 1 with
respect to the diode structure described in the section 9. The
manufacturing method in this section is not substantially
different from that described in section 10, and thus a descrip-
tion thereof will not be repeated in principle.

FIG. 44 is a cross-sectional view of the unit cell of the
device taken along the line F-F' of FIG. 36 in the modified
example 1 of the power diode of the one embodiment in the
present application (MPS diode including the crystal defect
region and the intermediate field stopping region). Based on
the drawings, the modified example 1 of the power diode of
the one embodiment in the present application (MPS diode
including the crystal defect region and the intermediate field
stopping region) will be described below.

Unlike the general IGBT, in the unit cell region of the cell

region 10 (see FIG. 36) in this example, disk-like P-type
anode regions 46 are distributed and arranged in a reticular
pattern (for example, in the form of a two-dimensional hex-
agonal close-packed lattice) over the front surface 1a of the
semiconductor substrate 2 in the N-type drift region 20. Thus,
the P-type anode region 46 and the anode metal electrode 44
are in ohmic contact with each other, and a schottky junction
is established at a part without the P-type anode region 46.
The structures of other components are completely the same
as those shown in FIG. 37.
12. Description of Modified Example 2 (SSD Including Crys-
tal Defect Region and Intermediate Field Stopping Region) of
Power Diode of One Embodiment in Present Application (See
Mainly FIG. 45)

This section will describe a modified example 2 with
respect to the diode structure described in the section 9. The
manufacturing method in this section is not substantially
different from that described in section 10, and thus a descrip-
tion thereof will not be repeated in principle.

FIG. 45 shows a cross-sectional view of a unit cell of the
device taken along the line F-F' of FIG. 36 in the modified
example 2 of the power diode (SSD including a crystal defect
region and an intermediate field stopping region) of the one
embodiment of the invention in the present application. Based
on the drawings, the modified example 2 of the power diode
of'the one embodiment in the present application (SSD diode
including the crystal defect region and the intermediate field
stopping region) will be described below.

In this example, a shallow thin impurity region (doped not
to make full depletion at the maximum withstand voltage, for
example, doped with aluminum or the like as the P-type
impurity), that is, a P-type surface region 48 is added, as
compared to the P-type anode region 46 for relieving the
concentration of electric field near the schottky barrier junc-
tion of the MPS diode described in the previous section 11.
13. Description of Modified Example of Diode Manufactur-
ing Process (See Mainly FIGS. 34 and 35)
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In this section, the epitaxial process in the diode will be
described with reference to the manufacturing process (in the
section 8) of the IGBT.

Like the section 8, first, a wafer of 200 mm¢ water (note
that other wafers of 150 mm¢, 100 mm¢, 300 mm¢, 450 mm¢
or the like may be used) comprised of the N™-type silicon
single crystal (for example, having a concentration of phos-
phorus of about 2x10**/cm?® and a resistivity of 22 to 30 Qcm)
is prepared. The wafer produced by the czochralski (CA)
method is most preferable, but a wafer produced by the float-
ing zone (FZ) method may be used.

Then, as shown in FIG. 34, the N-type field stopping region
42 is introduced into a semiconductor front surface region
(within an N™-type single crystal silicon substrate 1s to serve
as the N™-type drift region 20) of the front surface 1a of the
wafer 1 by performing ion-implantation on the entire front
surface 1a of the wafer 1 from the front surface 1a side.
Preferable conditions for the ion implantation at this time can
be, by way of example, Ion Species: phosphorus, Implanta-
tion Method: vertical implantation, Implantation Energy:
about 75 KeV, Dose Amount for Each Implantation: 5x10**/
cm?, Number of Implantation Processes: one time.

Subsequently, if necessary, the activation annealing (for
example, at a temperature of 1200° C. for about 30 minutes)
is applied to the N-type field stopping region 42.

Then, as shown in FIG. 35, the N-type silicon epitaxial
region 1le (having a thickness of about 50 um and a resistivity
about 22 Qcm at a withstand voltage of about 600 volts) is
formed over the front surface 1a side of the wafer 1 by
epitaxial growth.

Thereafter, the processes described in the section 10 with
reference to FIGS. 38 and 39 are performed, and further the
processes described in the same section with reference to
FIGS. 41 to 43 are performed.

14. Consideration about Overall Present Application and
Supplementary Description of Respective Embodiments

In this section, the consideration about the overall present
application and the supplementary description of respective
embodiments (including modified examples) in the present
application will be given below. Now, the IGBT will be spe-
cifically described below by way of example, but the same
goes for the diode as it is.

As described above, the IGBT or the like (in the case of the
diode, the N-type high-concentration region or N-type con-
tact region) has an N-type buffer (Buffer) region being in
contact with the P-type collector region on its backside, and
having a higher concentration than that of the N™-type drift
region (or N™-type base region). Crystal defects generated by
the ion implantation for introduction of the P-type collector
region or N-type buffer region are left in the N™-type drift
region near the N-type buffer region to thereby improve the
switching speed. This method is known as the device forma-
tion method. In such an “ion implantation residual defect type
IGBT”, residual crystal defects work as the center of recom-
bination to improve the switching speed at the off time, while
a depletion layer is brought into contact with the crystal
defects at the off time to increase a leak current, which is the
adverse effect.

Thus, in each embodiment of the invention, the indepen-
dent N-type field stopping region 42 is provided separately
from the N-type buffer region 19 forming the backside PN
junction for determining the implantation efficiency of holes.
Thus, in the off state, the depletion layer reaches up to an
upper part (part close to the N-type field stopping region 42)
with respect to the crystal defect region 41 of the N™-type drift
region 20 between the N-type buffer region 19 and the N-type
field stopping region 42, which cannot result in an increase in
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leak current. This is because the crystal defect region 41 is
distributed from a part close to a base on the N-type field
stopping region 42 side of the impurity distribution of the
N-type buffer region 19 (that is, a part near the boundary
between the N-type buffer region 19 and the N™-type drift
region 20) over a part near the boundary inside the N™-type
drift region 20 between the N-type field stopping region 42
and the N-type buffer region 19.

The same goes for the diode. That is, the impurity structure
on the backside of the diode is one provided by removing the
P*-type collector region 18 from the IGBT. The N-type cath-
ode region 47 in the diode corresponds to the N-type buffer
region 19 of the IGBT.

15. Summary

Although the invention made by the inventors has been
specifically described based on the preferred embodiments,
the invention is not limited thereto. It is apparent that various
modifications can be made to the embodiments without
departing from the scope of the invention.

For example, in the above embodiments, the device mainly
using the aluminum surface electrode has been described, but
the invention is not limited thereto. Any other devices using
materials other than the above metal can also be apparently
applied.

Although the above embodiments have specifically
described the IGBT and the diode mainly using the silicon
substrate, the invention is not limited thereto. The invention
can be apparently applied to one using a SiC-based substrate,
a GaN substrate, a GaAs substrate, an InP substrate, and the
like.

Although the above embodiments have specifically
described mainly the device including the N-type drift region,
the invention is not limited thereto. The invention can also be
applied to a device including a P-type drift region.

The above embodiments have specifically described
mainly a fly-back diode as the diode, but the invention is not
limited thereto. The invention can also be apparently applied
to any other diodes for other applications.

Although in the above embodiments, the crystal defect
region maintains defects generated by the ion implantation at
the time of annealing, the invention is not limited thereto.
However, a crystal defect region may be newly formed by
implanting hydrogen ions, helium ions, other ions, or par-
ticles.

What is claimed is:

1. An IGBT, comprising:

(a) a semiconductor substrate having a first main surface

and a second main surface,

(b) a drift region of a first conductive type occupying a
main part of the semiconductor substrate;

(c) achannel region of a second conductive type opposite to
the first conductive type, provided at a front surface
region on the first main surface side of the drift region;

(d) an emitter region of the first conductive type provided at
a front surface region on the first main surface side of the
channel region;

(e) a collector region of the second conductive type pro-
vided at the second main surface side of the drift region;

(®) a buffer region of the first conductive type provided
along an inner side of the collector region and in contact
with the collector region, said buffer region having a
higher concentration than that of the drift region;
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(g) a crystal defect region provided between the buffer
region and the drift region; and
(h) a field stopping region of the first conductive type
provided between the crystal defect region and the drift
5 region, said field stopping region having a higher con-
centration than that of the drift region,

wherein the buffer region is provided between the collector

region and the crystal defect region.

2. The IGBT according to claim 1, wherein the semicon-
ductor substrate is a single crystal silicon substrate.

3. The IGBT according to claim 2, wherein the single
crystal silicon substrate is formed by a FZ method.

4. The IGBT according to claim 3, wherein the field stop-
ping region is formed by ion-implanting hydrogen ions or
helium ions.

5. The IGBT according to claim 2, wherein the IGBT is of
a trench gate type.

6. The IGBT according to claim 5, wherein the IGBT is an
IE-type trench gate IGBT.

7. The IGBT according to claim 2, further comprising:

(1) a metal collector electrode provided over the second

main surface of the semiconductor substrate; and

(j) a high-concentration collector contact region provided
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25 at the collector region on the metal collector electrode
side, said collector contact region having the same con-
ductive type as that of the collector region, and a higher
impurity concentration than that of the collector region,

o wherein the high-concentration collector contact region is

a region doped with aluminum.

8. The IGBT according to claim 7, wherein a part of the
metal collector electrode in contact with the high-concentra-
tion collector contact region is a metal film containing alumi-
num as a principal component.

9. A diode comprising:

(a) a semiconductor substrate having a first main surface

and a second main surface,

(b) a drift region of a first conductive type occupying a
main part of the semiconductor substrate;

(c) an anode metal electrode provided over the first main
surface of the semiconductor substrate;

(d) a cathode region of the first conductive type provided at
the second main surface side of the drift region, said
cathode region having a higher concentration than that
of the drift region;

(e) a crystal defect region provided along an inner side of
the cathode region, and between the cathode region and
the drift region; and

(D) a field stopping region of the first conductive type pro-
vided along an inner side of the crystal defect region, and
between the drift region and the crystal defect region,
said field stopping region having a higher concentration
than that of the drift region.

10. The diode according to claim 9, wherein the semicon-

ductor substrate is a single crystal silicon substrate.

11. The diode according to claim 10, wherein the single
crystal silicon substrate is formed by a FZ method.

12. The diode according to claim 11, wherein the field
stopping region is formed by ion-implanting hydrogen ions or
helium ions.
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